The Gilles de la Tourette syndrome is a neuropsychiatric disorder, which consists of lifelong, fluctuating, multiple motor, vocal and sensory tics.' 2 Many patients also have obsessions, compulsions and attentional difficulties.'-8 Generalised anxiety and depression are also often observed. 1 3 78 As shown by the high degree of distraction and echo phenomena Gilles de la Tourette patients seem to be highly sensi- tive to stimuli around them.' 78 Echo phenomena appear to be related to obsessive compulsive signs. 7 Hitherto no pathologic anatomic correlate of Gilles de la Tourette syndrome has been found. Nonspecific electroencephalographic abnormalities occur in a minority of the patients9 "0 but short latency potentials appear to be normal. 9 The Contingent Negative Variation (CNV) is a long latency event-related potential. It is usually obtained in a S1-S2 paradigm. SI is a warning stimulus which is followed after a fixed interval by S2, the imperative stimulus requiring a task, for example, a specific motor response ( fig 1) ." -'3 By presenting a series of these S1-S2 stimuli, and averaging the electroencephalographic responses, the CNV response can be obtained. The and blink artifacts were subtracted using four EOG derivations, eliminating the need to disregard contaminated trials.'7 So the subjects could blink or tic freely to avoid increased inattentions, especially in the patients. Thirty trials were delivered, the interstimulus interval was 4s and the interval between successive Sls varied at random between 13 and 19s.
The following EEG derivations (10/20 system) were used: Fz-Al, Cz-Al, Pz-Al, C3-A1, C4-A2, P3-Al and P4-A2 (filter settings: 0-016-35 Hz, 3dB). The channels were sampled simultaneously (100 Hz) starting Is before S1 until 4s after S2.
The following CNV components were determined: the Slow Negative Wave (SNW), defined as the average amplitude between 600 and 1000 ms after S1; the Terminal CNV (TCNV), defined as the average amplitude between 3500 and 4000 ms after SI; the Post Imperative Negative Variation (PINV), defined as the average amplitude of the eventrelated response between 2000 and 3000 ms after S2 (fig 1) . The average EEG of 1 s before the onset of SI was used as a reference for the amplitude measurements. Differences between groups were tested with the 3-factor ANOVA with repeated measures. The Tukey-test was used for multiple comparisons between means.
Results
The 3-factor ANOVA with repeated measures on subjects revealed a significant group X wave interaction (F (2, 62) = 11-4; p < 0-01). In other words, the waves in the controls were different from the waves in the patients. Also, there was a significant group X derivation X wave interaction (F (12, 372) = 2 13; group.bmj.com on October 14, 2017 -Published by http://jnnp.bmj.com/ Downloaded from p < 0 05). So, the different waves had different distributions over the skull for both the controls and the patients. In figs 2-4 the interaction between groups and waves and derivations can be seen, the groups X waves interaction being most pronounced. The SNW of the patients starts less negatively than the SNW of the controls (fig 2) . The PINV of the patients, at the end of the response, is more negative than the PINV of the controls (fig 4) . Finally, the reaction times of the controls and the patients were similar (241 ms, SD 30 ms, respectively 234 ms, SD 34 ms). Discussion revealed that this effect was significant at all deri-The CNV of the Gilles de la Tourette patients differed ons but P4: Fz p < 0-01; Cz p < 0-01; Pz p < 0,05; from the controls in 2 aspects. Firstly, having a lower p < 0-01; and P3 p < 0X01 (fig 4) . At Cz a PINV negative level at the beginning (SNW), the CNV ofthe ;er than -2 pV was found in 72% (13/18) of the patients ends with an increased PINV reaching a value ents, but only in 20% (3/15) of the controls. similar to the preceding TCNV. Secondly, SNW, ixamining the left-right differences (C3-C4 and TCNV and PINV in the Gilles de la Tourette patients, P4), the patients were consistently more negative but not in the controls, demonstrate a remarkable '4 than at P3 for the SNW (p < 0-05), TCNW asymmetry characterised by a decreased right parietal -0 05) and the PINV (p < 0 01). This effect was (P4) negativity. encountered in the controls.
A reduced SNW is not a specific feature of Gilles de la Tourette syndrome. It has been reported in several TCNV psychiatric diseases and has been related to attentional difficulties connected with increased distraction." 13 16 easily captured by external stimuli, forcing them to Contingent negative variation in adults with Gilles de la react immediately. Therefore in our opinion the patients' lowered SNW in response to Sl may indicate the presence of a higher basic level of background activity, making it less necessary to develop the same amount of transient negativity in response to S1 as the controls. Following the reduced SNW the patients develop a normal TCNV (except at P4). Prolongation of the CNV deflection after S2 (PINV) also has been observed in psychiatric patients." 13 16 In normal subjects the PINV can develop in stressful conditions'9 or in case of sustained information processing as a result of uncertainty about the adequacy of the motor response in relation to the significance of S2." With regard to their reaction times, the patients performed the motor responses perfectly well, at least suggesting adequate motor control over S2. However, possibly because of their obsessive-compulsive character (10 of the patients demonstrated overt obsessions and/or compulsions) associated with pathological doubt,8 Gilles de la Tourette patients may feel uncertain of the quality of their response. In contrast to the controls Gilles de la Tourette patients remain, at least for a while, stimulus bound. It is this uncertainty that may be reflected by the PINV.
An intriguing finding within the group of Gilles de la Tourette patients is the consistently decreased negativity of SNW, TCNV and PINV at the right parietal region (P4). Whether this electrophysiological asymmetry is restricted to the parietal region is unknown because in this study frontolateral and temporal derivations were not used. The parietal asymmetry has only been observed in the patients, making it unlikely to be caused by instrumental or methodological artifacts or by handedness. It appears from physiological studies that slow negative waves in response to meaningful stimuli are associated with an increase in cortical activity reflecting neuronal excitation necessary for problem solving. " Therefore it is possible that the asymmetry between P3 and P4 indicates a (relatively, PINV) underactivated right parietal cortex. If so, our neurophysiological finding may be consistent with neuropsychological studies which have revealed in Gilles de la Tourette syndrome a decrease in visuoperceptual, visuospatial and visuomotor abilities pointing to a dysfunction of the right parietal region. [20] [21] [22] Possibly, the asymmetric dysfunction is not restricted to the parietal region, other parts of the right hemisphere may be involved as well. 8 . Vomiting: This is a striking symptom of haemorrhage in the cerebellum. 9 . Pulse: No difference between the cerebellar and cerebral haemorrhage ... rather a slow than a rapid pulse. 10 . Breathing: More common to find difficulty in breathing in cerebellar haemorrhage than cerebral haemorrhage. Death is more frequent precisely on account of the greater difficulty in breathing."
Brown-Siquard's account tallies closely with more recent series.1 4 though modern descriptions stress the triad of constricted reactive pupils,' periodic respiration2 and ipsilateral gaze palsy3 with a high incidence of trunkal ataxia and peripheral facial palsy. 
